We conducted a study to evaluate arterial stiffness markers in subjects with acute ischemic stroke and metabolic syndrome and in relation to TOAST subtype of stroke. We enrolled 130 patients with acute ischemic stroke and metabolic syndrome, 127 patients with acute ischemic stroke without metabolic syndrome and 120 control subjects without acute stroke. Applanation tonometry to record pulse wave velocity (PWV). Stroke patients with metabolic syndrome, compared control subjects without stroke showed higher PWV. In subjects with ischemic stroke and metabolic syndrome, PWV was more significantly and positively correlated with body mass index, systolic blood pressure, hypertension, diabetes, glucose blood levels, LDL cholesterol levels, total cholesterol levels, micro-albuminuria, carotid plaque, previous brain infarct at neuro-imaging. Our findings underline important role of both small vessel disease and atherosclerosis on arterial stiffness pathogenesis in the clinical setting of metabolic syndrome.
Arterial stiffness and ischemic stroke in subjects with and without metabolic syndrome 
Introduction
Metabolic syndrome (MetS) [1] and arterial stiffness [2] are recognized risk factors for ischemic stroke [3e5] .
Nevertheless, no study has evaluated the relationship between arterial stiffness and ischemic stroke in patients with metabolic syndrome. On this basis we conducted a study to evaluate arterial stiffness markers in subjects with acute ischemic stroke and metabolic syndrome, and to evaluate the relationship between these indexes and other clinical and laboratory variables and each component of metabolic syndrome.
Materials and methods

Patient selection
Patients were considered as having metabolic syndrome on a basis of modification of the NCEP/ATP III [6] .
We enrolled all consecutive patients with a diagnosis of acute ischemic stroke admitted to the Internal Medicine Department at the University of Palermo between November 2009 and January 2011. As controls, we used hospitalized patients with acute ischemic stroke without a diagnosis of metabolic syndrome, and hospitalized patients without a diagnosis of acute ischemic stroke, admitted, in the same period, to our Internal Medicine Department for any cause other than acute cardiovascular and cerebrovascular events.
Stroke was defined by focal neurological signs or symptoms thought to be of vascular origin that persisted for >24 h, confirmed by brain CT and/or MRI in baseline conditions and brain CT with contrast medium after 48e72 h [7] .
Cardiovascular risk factors were evaluated for both cases and controls on the basis of the criteria as shown in Supplemental Material.
The type of acute ischemic stroke was classified according to the TOAST classification [8] :
1) Large Artery AtheroSclerosis (LAAS); 2) Cardio-Embolic Infarct (CEI); 3) LACunar infarct (LAC); 4) stroke of Other Determined Etiology (ODE); 5) stroke of UnDetermined Etiology.
PWV measurement
Carotid-femoral PWV was measured in the supine position using the automatic device (SphygmoCor version 7.1) that measured the time delay between the rapid upstroke of the carotid and femoral artery pulse waves. PWV was calculated as the distance traveled by the arterial pulse wave (meters) divided by the time delay between the 2 arterial points (seconds), thus expressed as meters per second. Three data collection runs were performed, each obtaining a minimum of 10 pairs of simultaneously recorded flow waves. The "distance between the 2 arterial points" was measured using the total distance between the carotid and femoral sites of measurement.
Pulse wave analysis
The aortic pressure waveform was used to calculate the AIx (difference in height between the first and second systolic peaks expressed as a percentage of PP).
Statistical analysis
Data are expressed as the mean AE SD. All data were analyzed using the SAS 9.1 statistical program. Clinical characteristics were compared among the four groups using a one-way ANOVA. Pearson's correlation coefficients were calculated to evaluate the relationship of PWV with cardiovascular risk factors in all stroke patients and in each TOAST subtype. Significance was defined at the 0.05 confidence level.
Results
We enrolled 130 patients with acute ischemic stroke and metabolic syndrome, 127 patients with acute ischemic stroke without metabolic syndrome and 120 control subjects matched for age, sex, cardiovascular risk factors and previous cardiovascular morbidity.
Baseline characteristics in stroke patients and in relation to each TOAST subtype are given in Tables 1 and 2 .
Stroke patients with metabolic syndrome, compared to subjects without metabolic syndrome and with stroke, and compared to control subjects without stroke showed a higher mean PWV (12.9 AE 3.3 m/s vs. 11.2 AE 2.8 m/s vs. 10.02 AE 2.29 m/s; p < 0.001).
PWV values in lacunar subjects with metabolic syndrome were significantly higher compared to values observed in subjects with lacunar stroke without metabolic syndrome (14.45 AE 2.6 m/s vs. 12.81 AE 2.1 m/s). PWV in subjects with LAAS and metabolic syndrome were significantly higher compared to values observed in subjects with LAAS stroke without metabolic syndrome (11.2 AE 2.31 m/s vs. 10.4 AE 2.22 m/ s) and PWV in subjects with CEI subtype and metabolic syndrome were significantly higher compared to values observed in subjects with CEI subtype without metabolic syndrome (11.48 AE 1.98 m/s vs. 10.7 AE 3.5).
Relationship between PWV and clinical and laboratory variables in stroke patients
In subjects with ischemic stroke and metabolic syndrome, compared to those with ischemic stroke and without metabolic syndrome, pulse wave velocity (PWV) was more significantly and positively correlated with body mass index (BMI) (r ¼ 0. 
Discussion
Our study shows that patients with ischemic stroke and metabolic syndrome have higher values of indexes of arterial stiffness in relation to age, sex and cardiovascular risk factor compared to control subjects without stroke and also compared to stroke subjects without metabolic syndrome.
Metabolic syndrome represents a determinant of progressive arterial stiffening [2, 9, 10] .
At intergroup analysis our findings show a significant difference among TOAST diagnostic subtypes with regard to arterial stiffness indexes in subjects with or without metabolic syndrome. We report that subjects with lacunar subtype and metabolic syndrome show higher values of PWV and AIx compared to subjects with lacunar syndrome and without metabolic syndrome. Furthermore subjects with metabolic syndrome other stroke subtypes (LAAS and CI) also showed higher values of arterial stiffness indexes compared to subjects without metabolic syndrome.
Our findings are consistent with the hypothesis that cerebral small-vessel disease results from abnormal flow pulsations into the brain microcirculation as an exposure to highly pulsate pressure and augmented flow, which exist in the carotid and vertebral arteries as a result of arterial stiffening, may thus lead to microvascular damage and eventually to stroke [11] .
Ischemic stroke is not a homogenous disease and some studies [12, 13] indicate that its patho-physiology differs among the subtypes of stroke. Moreover, different potentially modifiable vascular risk factor profiles were identified for each subtype of ischemic stroke, particularly hypertension (and more recently diabetes) in the case of lacunar infarction. Our study confirms Table 2 Laboratory and clinical variables and arterial stiffness markers by ischemic stroke subtype in subjects with ischemic stroke and metabolic syndrome and in patients with acute ischemic stroke without metabolic syndrome. previous data regarding the strict association between hypertension and diabetes and lacunar subtype of stroke, showing a higher percentage of hypertensive and diabetic subjects in the lacunar group compared to other subtypes. So it's possible that the high prevalence of hypertension in lacunar stroke subjects may explain the higher values of arterial stiffness indexes observed in these subjects.
In our patients with acute ischemic stroke and metabolic syndrome we observed a more significant correlation between hypertension and diabetes and arterial stiffness, particularly in subjects with lacunar stroke.
On this basis it's possible to hypothesize that the major determinants of arterial stiffness and stroke risk in subjects with metabolic syndrome are hypertension and diabetes. It's also possible that the high prevalence of hypertension and diabetes in lacunar stroke subjects with metabolic syndrome may explain the higher values of arterial stiffness indexes observed in these subjects.
It is also plausible that some differences in the relationship between arterial stiffness indexes and acute ischemia in relation to the presence of metabolic syndrome could be related to differences in immune-inflammatory activation of the acute phase of acute ischemia and to each TOAST diagnostic subtype. This is a very interesting issue and future studies should address this question.
